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INTRODUCTION
This Appendix provides detailed information on shoreline conditions for
the erodable Lake Michigan shoreline in northern Manitowoc, Kewaunee and Door
Counties. The qrder of materials in the Appendix is from south to north. Parts
" of the shoreline are broken down by township and geographic section with each
towﬁship. Thefe is a text which describes the characteristics of shoreline
conditions at the béginning of each section, For each townsﬁip there is a map
of the whole township which shows the sectioﬁs, public perception of erosion
hazards, shore damage in 1952, short- aﬁd long-term recession rates, bluff
height, shore protection structure, houses per mile, and boat ramps.
For<eachbgéographic section (one mile long) a map shows locations of
measured profiies along the shoreline;  A running description of bluff
characteristics, materials making up the toe of the slope, and beach character-
istics i$,?l$° given. Engineefing data such as safety factor, thg confidence
level on thig}gafety factor, and the distance the slope must retreat to attain
a stable slqpeﬁangle is also given.- It should be noted that this distance
assumes no wave cutting at the base of the blufff This distance is_referréd
ﬁo in the text és a stable slope distan;e. Also included with each.section,is
a set of profiles from the water's edge to the bluff top. These profiles show
stratigraphy,islope angles, circles of failure, and calculated safety factors
_along che‘shoféiine. All profiles were measured during the summer.of l979;
Remember ﬁhap Ehe bluff profile could have changed since the profiles were
'measuréd. |
The meaning of abbreQiatiQns used in the Appendix is given on this page.
For md;e Aetéiled description of the methods used in compiling the data,

regional interpretations, and conclusions about the engineering characteristics

US Department of Commerce
NOAA Coas!;al Services Center Library
2234 South Hobson Avenue
Charleston, SC 29405-2413
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and types of slope failure taking place refer to the main report (Shoreline

Erosion and Bluff Stability Along Lake Michigan and Lake Superiof'Shorelines

of Wisconsin) available from the Staté Planning Office and the Wisconsin

Geological Natural History Survey. A summary of the characteristics of the

tills is given in Tables 1, 2, and 3.

Symbols Used

(used as nouns and adjectives)

(=]

-

o = ; e ol HhOo Qoo

W
W

CL

SL

boulders

clay or clayey

cobbles

fine

gravel

sand

silt

till

Two Rivers till

Haven till

Ozaukee till -

Forest bed

Factor of Safety

A ~ unsatisfactory (1.00)

B - questionable (1.00-1,25) .

C - satisfactory (1.25)

Confidence level

A - high confidence - at borehole

B ~ medium confidence - near borehole,
stratigraphy visible

C - low confidence ~ away from borehole,
stratigraphy questionable

Stability line - the distance slope
must retreat to attain a stable
slope angle. This assumes no
erosion at toe and unchanged
conditions of nature of material
and water table.
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T. 20 N., R. 25 E.

No bluff shoreline exists in this township. Most of the area is contained
in Point Beacﬁ Sfate Park. The beach varies in width from 20-100 feet. Because -
of the low slqpé beach width changes considerably with changes in water level. . |
In much oflthé Pafk dunes are present above the beacﬁ. .These dunes are subject
to erosion by wimi when vegetation is disturbed but no evidence of wave erosion
on the dunes was noted, Some rip~-rap has been placed in front of houses at

the north end of the section.
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T. 21 N., R. 24 E.

T. 21 N., Sec. 31~

This seCtion>is similar to the shoreline of Point Beach State Park, as
well as the mile of shoreline immediately to the north of the park. This area
contains no bluffs except for occasional wave cut sand banks_which do not exceed
10 feet in height. The foreshore is 10 to 50 feet wide and made of sand with
occasional pebblé;. Behind the beach is a zone of dunes 200 to- 500 feet wide. .
This zone is 10 to 60 percent vegetated with herbs and shrubs and has a hummoéky
topography with up to 15 feet of relief., Several of the larger closed depres-
sions contéin ephemeral ponds. The landward edge.of the dune zone borders on

a mixed deciduous forest.

T. 21 N., Sec. 30/25

Section 30/25Acontains areas with and without bluffs. The extreme south
end of the section (a) consists of a sand beach 50 to 70 feet wide., The bluff
rises toward the north (b) to a height of 20 to 30 feet., "The bluff is unvegetated
except for a féwvlarge trees that have slid down from above near 30/25.2 and
consists of 10 to 15 feet of sand over 15 feet of clayey till (Haven) which is
covered by slump material, The beach is approximately 40 feet wide. From
30/25.2 to 30/25.6 the bluff consists of discontinuous clay till (Two Rivers)
to 10 feet thick.over discontinuous medium to fine sand 0 to 6 feet thick err
4 to 10 feet of clay till (HaVenj.covered with debris. Seeps are ptesénﬁ aloﬁg
the lower sand/;ill inferval, and failufgs are primarily shallow slides. The
beach is generally 20 to 50 feet wide along this subsecﬁion, but ﬁarrﬁws near
profile 1 to less than 10 feet.

From 30.25.6_north to the end of the section (c¢), the bluff steadily

decreases in height, disappearing at 30/25.8. The beach is 20 to 50 feet wide
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and consists mostly of small dunes except near the mouth of the stream where it

is made up of alluvium.

T.'Zl’N, Sec. 24

Section 24 can be divided into three subsections. The area (a) from the
southern edge of the section to 24;3 consiéts of a 50 to 100 foot wide sand
beacﬁ ﬂeveloped on a low, flat terrace less than 10 feet aboye lake level.

The shore from 24.3 to 24.9 is protected by rip-rap (b). A small boat
launchiﬁg ramp is at mile 24.4,:and from 24,6 to the.north end of the sectioﬁ
a 10 to 20 foot high bluff is developed. At 24.7 two steel piérs-éxtgnd-
approximately;lSO feet in#o the lake as part of the cooling syéteﬁ;bf the Point
Beach Nucieéf‘Powé; ﬁlant. |

From. 24.9 to the north end of tﬁe séction {c) the bluff is unprotec;ed.
The:bgach is 25 to 40 feet Qidé and'consisﬁs of sand with occasioﬁal’pebblés

and cobbles.

T, 21 N.; Seci 13
Séétioh 13 (a) contains 30 to 50 foot high bluffs consisting of 10 to 20

feetvof“red‘ciay till (walRiVers) over a discontinuous sand layer which overlies
Q'feet in'ﬁhickness,.over a disContinuoﬁs, 0 fo 5 footilafer Qf till (Haven),
ovérféboﬁg éo:féet of gray, lacustrine siit and clay. Seéés‘are présent_at the
téps of thé middle-;ill unit‘and the laéustrine sédimentél The 1qéatioﬁ of'fhe
base of: the lécustfine sedimentiis uﬁknown as ﬁhe toe_ié covered by debris. from
vshallow failures.

_ Vegetationvis limitéa to blocks bf sod and a few treeé which havé_slid down
from above;

The beach is 5 to 20 feet wide and consists of sand with scattered pebbles.



T. 21 N., Sec. 11

The bluff (a) in sec. 11 rises from 20' high at the sou;ﬁ end to 40 feet
high at the north end of the sectioq. The bluffs are sparsely vegetated and
consist of a discontinuous sand-laygr up to seven feet thick in places, ovér—-
lying 8 to 15 feet.of red clay till (Two Rivers), This till overlies one or.
two other till units at‘the norfh_end of the section and lacustrine silts and
clays at the South eﬁd. Between the tiils and the lacustrine sediments is a
»discontinuous horizqn of sand and logs from the Two Creeks Forest Bed, Numerous
seeps. are observéd.at étratigraphic breaks, espeéially zt the top of the upper
clay till unit. |

The toe is qﬁeven and largely covered by debris from shallow éliaes and
small slumps. |

The beachvis;18 to 20 feet wide and consists of sand with pebbles except
~at the mouths ofithe two streams where the bluff is cut down and .the beach

doubles in width. . ‘ o -

T. 21 N., Sec. 2

The bluff and beach of section 2 may be divided into three segments., The
southefh one-half of the séction_(a) consists of bluffs 25.feet high., The
bluff is 20 percent Qegetéted and consists‘of'Z to S'feet 6f sand OQEflying '
10 feet of the clayey Two Rivers Till which overlies 10 to 12 feet of another
clay ﬁill unit (Haven). A féw small slump blocks were obserQed. The beach in
this subsection is'10 tb 20 fee# wide and-consists of sénd with scattered
pebbles.

From 2.5 to 2.7 (b) the bluff is 25 feet ﬂigh and nearly vertical. The
steep face‘is caused by a small stream flowing parallel to, and behind‘thé

bluff, thus draining the bluff and increasing the soil's shear strength. The
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bluff in this subsection consists of 18 feet of folded mixture of sand and clay
till overlying the Two Creeké Forest Bed, which overlies another £ed cléy till
unit, the base cf which is not visible. The sand beach in this subsection is
about 35 feet wide. |
The final subsection (c)‘runs from 2.7 to the end of the secﬁiqn. The bluff

is 25 to 30 feet high and is made up of 6 feet of Two Rivers till over sand,

-silt and clay layers.  The lower half of the bluff is covered by numerous $lump

blocks. Water flows from numerous seeps and collects ‘in pools behind the slump

blocks. Horsetails are the dominant vegetation. The beach ranges from 5 feet

- wide beneath large bluff failures to 40 feet wide and.isvmade of sand.
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Safety Factor
Confidence Limit
Stability Line
Bluff Condition

SAFETY_FACTOR.
A-less than 1.00
B~1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes :Eg (FT>
- (high confidence) -
B-near boreholes T
stratigraphy visible "
C-no stratigraphy
visible (low
confidence
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Confidence Limit
Bluff Condition

Safety Factor
Stability Line
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SAFETY FACTOR. \

A~less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
~A+horeholes
{high confidence}
B~necar boraholes
stratigraphy visible
C~no stratipraphy
visible (low
confidence
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SAFETY FACTOR.
A-less than 1,00
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= C-granter than 1,25

CONFIDLENCE LEVIL
A~borveholes
(high confidence)}
B-near boreholes
gtratigraphy visible
C-na stratigraphy
visible {low

confidence

§
e
g o

b wt
g 3 § I
wd hal
Uy g o5
n 4 > &
[in g Py S
R
& -t ad W
[T by
8y -3 ‘§ ]
g g =
w C w =




FEET

FEET

20

T21N,R24 E,Sec. I

Profile !
80~
60~
SF=070
40-
20-
T ]
80 100 110
Profile 2
80
60+
40
SF=0.T0
\-\ -~
l — I I ]
40 60 80 100 110




21

000s -

oo_o»\

1334

oo_om oc_ow oc_g

l>:|:

Hli

1

o2'is

:ER

Hl

TPO3S 342U NICL

ol
0z
o¢
ov
0S
09
oL
08
06

oot

1334

o1k

oct

oct



22

.Y e
£ w25
B aayeatin
oo '
FEE:
i “ 5 5 apf
& 2 ot
Iy -l -t
J o <
] 2] oo =
[N o [
® N A o
o st L bl
] i 0 [CT
uy o m =
o] \*] L el
/ %2} & [ ]

. . SAFETY FACTOR.
" . : . . ' . - i~less than 1.00
' B-1,00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
. . . ~ A-bareholes- . .
‘ . ‘ o i - ) o {(high confidence
: Co ' §unenr horeholed
stratigraphy visib
C-no stratipraphy
visibla (Low -
© poufidunce



FEET

FEET

23

T21 N,R24 E Sec.2

Profile 1
80
60
404
SF:0.75 -
20
T ] J T T n
20 40 60 80 100 110
Profile 2
80
60
SF=0.60
T T T !
60 80 100 110




FEET

FEET

24

T21N R24 E Sec. 2

Profile 3 4
80—
60—
40
T T T T T -
20 40 60 80 - 100 110
Profile
80
60
40
20
T ) T 1 ¥ 1
20‘ 40 60 80

100 110



25

"

1334

000v 000¢ 0002 000t 0
o 1 [ I I I | u I
........ H
2'ls H
a4
lllllll w mnF -
HL S
| |

€035 3428 Nicdl

ot

02

o€

oY

0§

09

0L

08

06

004

oL

ozt

0ElL

1334



{t )

26

T. 22 N., R. 24 E.

T. 22 N., Sec. 36
The bluff and beach of section 36.Can be divided into two subsections. The

southern three~fourths of the section (a) contains 20-to-40 foot high‘bluffs._

" The bluffs are sparsely vegetated except for a small area at 36.1 which is 50

pefcent vegetated. The stratigraphy consists of approximately 8_feet‘of ciayey-
Two Rivers_tiil overlying a sand layer which varies in thickpess from 2 to 10
feet.v-At the south end of the section the sand overlies logs of the Two Creeks
forest Bed which overlie 20 to 25 feet of lacustrine silts and clays. Iﬁ the
north three-fourths of the section the forest bed is absent and the sand lies
directly upon the lacus£rin§ sgdiments._ The’ldﬁef‘half of the bluffs in this
subsection are covered by deﬁris from shéllow_slides and small slumps. Ihe
beach width f;ﬁges from zero below rééent féilures,to 25 feet and consists of
Saﬁa and saﬁd-With pebbles and'cobbles. | |

The northern one-quarter of the section (b) contains gently sloping, vegetated

bluffs 20 to 30. feet high. At the extreme north end of the section, at the

Kewanee Nuclear Power .Plant, the_beach.and‘bluﬁf are protected with rip-rap.

T. 22 N., Sec. 25

Section 25 lies immediatély north of -the Kewaunee'Nuélear Power Plant. The

‘southern endof the section contains only a low sand terrace, the southern

extremity bf whicﬁ:ié p;otectéd by rip;rép. On the noh—protected énd of the
terrace is deveiépéd a.sandibéacﬁ 20 to 50 feet widé.

The'bluff'beginS»td riée_étuZS.l to a heigﬁt of 20 to 40 feet.

In thé:nofthéfn section (b), the:tdp half of ;ﬁe blﬁff is uhvegetated

while the lower half is 80 percent vegetated and covered with debfis."The
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dominant mode of bluff failure in this section is by sliding, although a few
small slump bldcks are presént. Bluff stratigraphy consists of 0 to 10 feet of
sand and discontinuous pods and layers. of red clay till (Two Rivers) overlying
20 to 30 feet of gray silt and clay. The beach isvgenerally 20 to 45 feet widé

and is made up of sand and pebbles}

T. 22 N., Sec. 24

Section.24 contains high bluffs which can be divided into two subsections
basea priﬁarily upon aﬁbunt of vegetation and slope failure type. In the
southern third of the section (a) the bluffs range in height from 50 to 80 feet.
The upper poftioﬁ:of the slopeS’are practically unvegetated while the lower one-
third supports some grass and horsetails. Some small slumps are present,
howeverbthe'doﬁinant mode of bluff failure in this éubsection.is shallow slides.
‘The bluff materials consist of 20 to 40 feet of fine to medium sand over 25 to
30 feet of gréy silt and clay. The sand unit thic¢kens toward the north. The
beéch in this subsection ié 5 to 20 feet widé and is made up of sand witﬁ
pgbbles.

In the norfhern two-thirds of the ;ection (b) the bluffs are 60 to 70 feet
high an& 70 td QQ percent yegeﬁated._ While shallow slides are still the dominant
mode‘of bluff failpre, small slumps assume greater importance in this subsection,
especially in tﬁe.northern part. Stratipgraphy is the same as in the southern
subsection except'that 4 to 6 feet of clayey Two River till caps the pluff,'and
up to 10 feet ofhgray,rclay till containing coBbleg and boulders is exposed at
tﬁe toe; "The beaéh in this'éubseétion is less than 20 feet throughout and

consists of sand with cobbles and boulders.
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T. 22 N., Sect 18

Section 18 (a) contains bluffs 60 to 80 feet high. The bluffs are
generally about 50 percent vegetated with some small areas belng up to 90% .
vegetated Stratlgraphy is ralrly unlform throughout the sectlon and consists
of 0 to 4 feet of Two Rlvers till overlying 10 to 40 feet of sand with occasional
~1nterhedded silt. This overliee 20 to 35 feet of gray silt and clay enclosing
Haven till.’jAt the baee of the bluffs about 20 feet of clay till (Ozeukee)A
with boolders ctops out, - | » |

iThe.heach is 5 to Zb feet wide and made of sahd, In'the central ano
' hotthetn parts of’thelSeetion boulders ate'ebuhdant on the beech and oftshore.:
1& severelfolaees offshore a‘roek pavement has‘deQeloped'Which appeare to

protectithe bluff<soﬁewhat;

'hT..ZZ N,; Sec, 7
,Sectioh 7*(a)lcohsiste,of.bloffs 45:go>90'feetﬂhigh. Veéetation eoVer

varies from 10.to>80 percent. In most-of'the eeetion the:lowér half of the
‘bluffs'ere‘cohered?hy dehtielfrom Shaliow éli&es ahd‘sﬁall elumps.' Near 7.7
there ate ‘some larger rotational blocks Stratlgraphy is unlform throughout
the.sectlon*and ConSlStS of 4 to 6 feet of Two Rlvers tlll ovetly;ng.3 to 20
feet ot*sand oVer'lO feet of Haven till onit, ’Below this tiil liesla’iO—to-lS
foot thickjsequence,of;lacostfine silts énd;ciaye whieh'ovetiies'about 10 feet
. of Qzaokee\till"which cropeiout near'the‘toe'of:the‘bluffs. |

" The beaehwtehgee‘ftOm_S to 20'feet hide.ahd consists of sand and'pebbles‘
to the eouth’end‘sand,icobhleehend_dblomite bouiders-toﬁthe northvof_the

section.
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Safety Factor
Confidence Limit
Stability Line
Bluff Condition

B

35

SAFETY FACTOR.
A-less than 1.00

B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-borcholes
(high confidence)

B-ncar boreholes
stratipranhy visible
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T. 23 N., R. 25 E.

T. 23 N., Sec. 31

Section 31 can be divided into two parts. The southern three—fourtﬁs (a)
contains bluffsl70 to 90 feet high, kThe bluffs are approximately 50 percent
vegetated and are failing by shallow slides and.some small slumps, The bluffs
are capped by 5 to 10 feet of clayey Two Rivgrs till. This is underlain by
sana-and silt with fine sand layers aﬁout 20 feet thick. ‘Beneath this lies a
second till unit (the Haven till) about 10 feet thick which overlies 15 to>20
feetrof silt and clay; The beach is 1e§é than 15 feet wide and is sand with
concentrationé of pebbles and cobbles on the small cﬁsps.

fhe nbrthetn one-fourth of the secfion (b) contains bluffs less than 50
feet high, which.are dréined by a streém flowingvparallél to the bluff. Although
these bluffs.are mostly covered by trees, slump blocks are numerous.

Spratigraphy is similaf to. that of .the southern sgbsecgion,'however; a
thifd till unit (Ozadkee till?) éropélright beneath the Haven till, Thé beach

'in this subsection is less than 10 feet wide and consists of sand with«sCattered

boulders.

T. 23 N., Sec;‘BOII‘

Section 30 contains bluffé 50't§ 80 féet'high which are Similar throughout
‘the section (a). The bluff crest is smooth and riseé steadily to the north,
The siopes are SO‘to 100 percent vegetated primarily with shrubs and trees.
The blﬁffs-aré caPPed_BY 6_feet.df Two'RiQers till. This 0§erlies'a unit
_containing'éilt, sand and gravel which'thickené’fgbm lb feetrat mid~section to
50 feet at the north section line. Slope failufe is primarily by planar slides,
but: some medium-size siump; are present also.

The‘bgach is geﬁerally 10 to 30 feet wide and made of sand with cobbles and

boulders_preséntnoffshore;
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T. 23 N., Sec. 19

Secﬁion 19 can be divided into three Subsedtions. From the southern end of
the section to 19.4 (a) the bluffs are 80 to 100 feet high. The slopeé are 20
- percent vegetated and are‘failing by shallow slides. Bluff strétigraphy at
profile-1 consists of 6 to 10 feet of Two Rivers till over a discontinuous
fo%est bed unit approximately 2 feet thick. This overlies 2 feet of sand and
al0 foﬁt.thick 1ayer of Haven till. Beneath thié lies 4 feet of gravel, the
10 foot thiék Ozaukee pill member;'Z»feet of fine sand;-ahd 10 feet of silt and
‘clay. Near‘the Base of the bluff is a fourthvtill unit tentatively identified
as the Cary till. The Beaéh ié 15 to 30 feet Qide_and consists of sand with
pebbles, cobbles and . some boﬁlders, | R

From lé.é‘to.19.8.(b) thé,bluff is 90% vegetated and no sections are exﬁééed;
Bluff height de;reQSes to the nqtﬁh where it becomes a léw terrape éﬁd'the beach
widens to greatef than 50 feet_in this subsgction. |

»»From'19.8‘t9“€he north‘eﬁd_of ;hé'sectiOn (c)»there gxists only .a low
terface in front of whiéh ;s a 50 foot wide sand‘beach. -The sectiop ehd; at the .

south edge of ‘the harbor at Kewaunee,

T. 23 NI._,.Sec. 17

Section 17 ié dividedlinto tprsubéectiohs.l‘fhe sohthefn‘ode—ﬂalf.(a)
‘contains the flooded mouth of the Kéwauneé Rivegvand,Kewéﬁnee hérﬁdr; _North.bff
the mouth of the_fiver 1/2 miie’beach is pfotected by fip—rap.‘ NQ Sluff is
present, | - |

Theinorthern one;half of ~section 17 (b) containé bluffs 46 to 50 feet high
and is 0-10 beftent vegetated. The dominant ﬁdde of failure is by shéliOW' |
slides, although thefe are some heédward‘eroding‘gulle§s in the northerh paft

of the subsection.” The bluff stratigraphy‘genérally consis;s.of'S to 10 feet
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" T. 23 N., Sec. 5

50

of Two Rivers till overlying 5 to 10 feet of Haven till. This overlies a
complex sequence of sand and gra&el and silt layers lO.feet thick which are
over a gray, sandy till wﬁich is unidentified. The lower one-half to one third
of.the bluff is covered by debrié and obscured.. The beach is 5 to 15 feet wiée
and consigts of sand witﬁ pebbles except the middle one-third of thé subsection

which consists of cobbles with occasional boulders.

T. 23 N., Sec. 8

Section 8 contains bluffs.40 to 50 feet ﬂigh. The crests are fairly uhiform
except where two streams have cut down thréugh the bluff. The middle one~§hird
of the section is 10 ﬁollOO pefcent‘vegetated with hefbs, shrubs and trees while
the remainder is 0 to 10vpefcéht vegetagéd. The bluffs are capped By 4 to 8
feet of ciayey‘Two Rivefs till. The lowef,part of the uﬁit diffefs in coidr
but is_similar ip textute.to the Upper.“theath this is gehergily 10 to 20 feet
of gfavel,'sénd, silt andjcléy layers,_hbwcver; in the northern third of the
segfion a reddish—b?pwn-tili hnii_(Haven) 10 té 15 féet thick crops out beneath
thevuﬁper till. ‘fhé lpwer.bne—half t0 cne-third is cdvéred by debris.

'_The:dominant'mode of biuff failure is §ha110w‘slides,'although small slump

block- failures are present in the northern one-third of the section. The beach

is 10 to .30 feet wide and consists of pebbles and cobbles to the south and -

pepblés,with sand near the northérn end of the section.

The bluff portion of section 5 is divided into three‘SUbseétions. From

5.0 to 5,1 (a) the bluff is 40 to 50 feet high and is 10 to 20 percent vegetated.

Medium-sized slump blocks are the dominant mode of failure. The upper-half of
the bluff. consists of 2 to 4 feet of red till over &4 to 6 feet of red-brown

- till (all Two Rivers). This overlies 6 to 8 feet of Haven till which overlies
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5> to 10 feet of. sand and silt, The bottom half of the bluff is covered by
slump material which obscures the stratigraphy.

From 5.1 to 5.6 (b) the bluffs are 40 to 50 feet high. Vegétation ranges
from open sloﬁés to 100% in deep ravinmes and near streams. Failure type is
~ dominated by shallow slides and headward eroding gulleys. The stratigraphy is
the same as the pre?ious subsection.

From 5.6 to the end of the section (c) the bluff height drops to less than
12 feet. The low bluffs present are characterized by small slumps and slides.
The balance of the subsection consists of a low, vegetated terrace.

The beach throughout section 5 is 5 to 30 feet wide and is made of sand
with pebbles.. Occasional cobbles are observed near the extreme south of the

section.
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T, 24 N., R, 25 E.

T. 24 N., Sec. 32/29 '

-Section 32/29 is divided into three subsections. In the southern onc-
third (a) the bluff ranges from 0 to 5 feet in height and is largeiy unvegetated.,
.No large failures are evident. The bluff is protected by rip-rap 200 fcet on
either side of the pumping station at 32/29.2. The beach is generally 5 to 15
feet wide and consists of sand with occasional cobbles and boulders.

In the middle one-third of the section (b) the bluff is 35 to'45 feet high
with little to no vegetation. Bluff failure is by shallow slides, small slumps
and headward erosion of gullies. The stratigraphy of the upper half of the
bluffs consists of 5 to 10 feet of red clayey till over 3 to 8 feet of red brown
till (all Two'Rivers) over 5 to 10 feet of brown clayey Haven till. The lower
half of the biuff is covered with debris which obscures the stratigraphy. The
beach is the same as that described in the previocus subsection.

The northern third of the section {(c) consists of.bluffs 40 to 50 feet high
with 30 percent vegetation (trees). Bluff failure is by small slumps and slides
as well as by headward eroding gullies. The lower one-half to one third of the
slopes are cove;ed by debris. Bluff stratigraphy, beach width and composition

are the same as in the previous subsection.

T. 24 N., Sec. 28/29

Section 28/29 is divided into two subsections. From the south end of the
section to 28/29.3 (a) the bluffs are 50 to 60 feet high with a rolling crest.
The slopes are 95 percent vegetated with herﬁs, shrubs and trees and slope failure
is relativelyIUncommon. ‘Stratigraphy consists of three till units each 5 to
10 feet thick, The clayey Two Rivers till caps the bluff and overlies brbwn
Haven till. The lower blufflstratigraphy is largely covered. The sand beach in

this subsection is 20 to 30 feet wide.
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From 28/29.3 to the end of the section (b) the.bluff_is 50 to 60 feet high
and has a uniform crest. The southern two—thifds of the subsection is 0 to ld
percent vegetated whilé the northern third is 40 to 60 perceﬁt vegetated. Slope
failure is by small slides énd smallrto lafge slumps. Four headward erodingv
gullies a?e.also observed iﬁ this subsection. Bluff is similar to that.in'the
southern subsectipn except that discontinuous. layers and lenses of sand and sand
and gravel are obséryed on top of, bet&een and witﬁin the three till unitsf The

beach is 5 to 25 feet wide and composed primarily of cobbles, pebbies and

‘boulders with sand becoming preValent in the northern one-fourth of the subsection.

T. 24, Sec. 21

Section 21 (a) contains Bluffs 65-70 feet high throughout. The slopes are

30 to 40 peréént-vegetated~With herbs, shrubs, and trees. Bluff failure is by

small to 1arge'slgmp§ and small slides., Several headward eroding gullies are

also present in the section. The bluff stratigraphy is very discontinuous and

confused, but‘generallywcdnéists of a cap of Two Rivers till over about a 5 foot

layer of red-brown till (ail Two Rivers) lés; than AC feet of brown Havgn}tiil.
Tﬁe £il1 thﬁs, in.places, é£E'séparated By, and/or‘containz lenséé énd p;ds of
gravel, sand,.silf, or~qla§_ﬁp t6”40 feet‘tﬁick{ Tﬁé stratigréphy ﬁeat thé toe
of the.bqufs is Qb;éuréd’bﬁ‘débrié, The beach isao}to 15 feet wide and
conéiscs of'cobbiesSand-bqglders'iﬁ ﬁhe sbut£ern ohe—fhirdyapd sand in the
northern twq—thirds of the seétion, |
. 24‘N.; sec. 16

Sééti0nil6‘contains bluffs whiéh dec;ease from.60 feet highrat the soUth‘
end dfvthe'ééction}to 25 feet.at the north (a), The bluffs are 10 perceﬁt_

vegetated except at the_extremé'squth of the section where they are about 35%
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vegetated. Slope erosion is by small slides, small to 1a£ge slumps, and
headward eroding gullies. The bluffs are capped by 6 feet of orange-red sandy
till over red-brown clayey till (all Two Rivers). This overlies 10 to 40 fect
of various discontinuous sand, gravel, silt and till units.

The beach is 0 to 20 feet wide and consists of sand with pebbles, cobbles
and a few boulders.

Near 16,7 are two segments pf rip-rap, approximately 150 feet long. ihese
segments are protecting the toe from direct erosion and appear to have partially

stabilized the slopes directly behind them.

T. 24 N., Sec. 9/10

Thé bluff'in section 9/10 is divided into three segments. From the southern
end of the section to 9/10.2 (a) the bluff decreases in height from 20 feet to
a terrace with no bluff at all. The slope is unvegetated and is failing by
medium to smaii slumps and slides. From 9/10.2 to 9/10.5 (b) the bluff risecs
from the terrace to a height. of 20 feet; This segment is 100 percent vegetated
with hErbs and- shrubs. A few medium sized slumps are present, From 9/10.5 ﬁo
the north end of the section (c) the bluff again diminishes in height. The
bldffsvin this segment are 10 percent vegetated withvﬁerbs, shrubs, and trees.
Medium to smallislumps and small slides‘afe the dominant mode of slope failure.

The stratigraphy in this section consists of approximately 2 feet of sand
overlying 2 fget of red, stoney till, This overlies about 2 feet.of loose,
sandy till which overlies Haven or Ozaukee till. The beach is 10 to 25 feet

wide and is composed of 50 peréent sand and 50 percent pebbles and cobbles.

T. 24 'N., Sec. 3

There is no bluff in this section. The shoreline is characterized by
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sand beaches 20 to 70 feet wide built upon a low, flat terrace surface. In
some areas the beach is separated from the terrace surface by a 5 to 10 foot
high sand bank. The.terrace has been largely cleared of vegetation and made
into hoﬁe sites, however, smali clumps of trees persist near the southefn end

of section 3.
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— Safety Facéor
Confidence Limir
Stability Line

" Bluff Condition

S$F=0.99

‘§F=0.98

SAFETY FACTOR
A~less than 1.00
B-1.00 to 1.25
C~greater than 1.25

CONFIDENCE LEVEL

A-boreholes
(high confidence)

Be-near boreholes
stratigraphy visible

C~-no stratigraphy
visible (low
confidence)




FEET

FEET -

80—

80

60

. 1
raa nic Mmaterial

SF=0.98

T24 N,R25 E,Sec. 28/29

Profile 1

40
20+
80+ .
60—
[Ra_\
Rb_ \
W
40—
07
20

- 40

60

80

| i
100 - 110

Profile 2

1
100 110



FEET

FEET

81

80~

T24 N,R25 E,Sec. 28/29

Profile3

SF=0.95

S—

T T ] T —
20 40 60 80 100 110
Profile 4
80
60- SF=090
—T




82

Ed

00065

000V

1334
oc_om

co_cm

oo_o-

0

0
o
=

5

6¢782703S 3I5TH Nvel

18

0z

oc

ov

0§

09

0L

08

06

cot

oLl

1334

174

otl



83

= g
w 5 ¥ 35
Q &0 " W
-~ 3 -
v @ ~
£tz %

4 = O
- - B
® 9 A o
4 2 3 3
¥ O 3 4
w0 ! "

SAFETY FACTOR
A~less than 1.00
B~1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-boreholes
(high confidence)
B-near boreholes
stratrigraphy visible
C-no stratigraphy
visihlie (low
confidence)
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SAFETY FACTOR

A-less than 1.00
3-1.00 to 1.25
C-greater than 1.23

CONFIDENCE LEVEL

A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

Safety Factor

Confidence Limit
Stability Line
Bluff Condition
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Safety Factor
Cnnfidencé Limit
Stability Line
Bluff Comndition

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
"stratigraphy visible
C-no stratigraphy
visible (low
"confidence)
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SAPETY FACTOR

A-less than 1,00
B~-1.00 to {.%5
C-greater than 1.23

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B~ncar borcholes
stratigraphy visible
C~no stratigraphy
visible {(low

eonfidence)
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T, 25 N,

Most of the shoreline (a, ¢) is characterized by sand beaches 20 to 70
feet wide built upon a low, flat terrace surface. In some areas the beach is
separated from the terrace surface by a 5 to 10 foot high sand bank., The
‘terrace haé been largely cleéred of vegetation and made into home sites.

The only bluff is approximately 30 feet high and occurs on a rocky point
in the middle one third (b).of the section. The slope is 90 percent tree-

covered.

4T. 25 N., Sec. 26

Sec. 26 can be divided into two subsections. The southern half (a) contains
no bluff. At fts southern end is a 50 foot wide sand beach. The beach width
diminishes to 30 feet near the southern breakwater of Algoma harbof. Between
the breakwaters and adjacent to the harbor mouth there is no bluff, only a low
bank protected by rip-rap.

The northern subsection (b) begins less than one~tenth of a mile north of
the northern breakwater. The subsection contains bluffs up to 40 feet high
{(shown on Section 26/23). Vegetation ranges from 0 pefcent at the south end of
the subsection, to nearly 100 percent at the north. Blufﬁ stratigraphy includes
a 6 foot cap of red, stoney till over red-brown clayey till (Haven). The beach
ranges in widthifrom 5 to 35 feet and consists primarily of sand to thg south

and cobbles and boulders to the north and on the small points.,

T. 25 N., Sec. 23/24
Section 23/24 can be divided into two subsections. The southern two-tenths
of the section (a) contains 40 foot high bluffs which are 0 to 20 percent

vegetated. The beach is 0 to 15 feet wide and consists of sand with cobbles.



24

“The balance of section 23/24 (b) is ‘a flat, sandy terrace. The terrace is
5 to 10 feet above lake level and is separated from the beach in some areas by
a 5 to 10 foot tank. Some minor failures occur aldng this bank. The beach is

5 to 35 feet wide and is primarily composed of sand or sand with pebbles.

T. 25 N., Secs., 13, 18, 7, and 6

The shoreline in these sections can be characterized by sand beaches, 20 to
70 feet wide developed on a flat, sandy terrace éurface. About half of the

terrace surface is wooded. The beach is occasionally separated from the terrace

by a'5 to 15 foot high'sand bank. In a féw.places this bank is subject to direct

. wave attack.

Thé_oniy significant bluff_oéqurs in thé nérthern_one—third of section 7
on a rocky point. The bluff'is approximétely 30»feet high and ié 90 perced;
trée—cbvgred. Thé 6n}y éhdrevprotection é;ructure'pfesent‘is approximately
l,OOO_féef of'rinrap péotécting a 10 foot bank.at tﬁe e#treme ﬁorthern end of

section 6 where county road-U makes a close approach to the lake. .
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SAFETY FACTOR
A~less than 1.00
8~1.00 to 1.25

C~greater rhan 1.25

CONFIDENCE LEVEL
A~-boreholes
{high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible Qow
confidence)

Confidence Limit
Stabiliry Liue
Bluff Condition

Safety Factor
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Safety Factor
Confidence Limit
Stability Line
Bluff Condition

SAFETY FACTOR
A-less than 1.00 .
B-1.00 to 1.25
C-greater than 1.25

- CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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Safety Factor
Confidence Limit
Stability Line
Bluff Coudition

N

~

SAFETY FACTOR
A-less than 1.00

B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near borcholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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SAFETY FACTOR
A-less than 1,00
B-1.00.to 1.25
C-greater than 1,25

CONFINDENCE LEVEL
A-boreholes )
(high confidence)
B-near borcholes
stratigraphy visible
C~-no stratigraphy
visible (low
confidence)
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safety Factor

Confidence Limit
Stabilicy Line
BIuff Condition

SAFETY FACTOR
A-1pss than 1,00

. B~1.00 to 1.25
C-greater than 1.25

CONFIGENCE. LEVEL
A~bavelwles
(high confidence)
B-pear boreholes
gtratigraphy visibls
C-ne stratipraphy
~ wisible (low
confidence)
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SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-borecholes
(high confidence)
B-near borcholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

Safety Factor

 Confidence Limit

Stability Line

Bluff Condition
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T. 26 N., R. 26 E.
T. 26 N., Seg. 32
Section 32 can be divided into two subsections. The southern two-thirds

consists of sand beaches developed on a low, sand-covered terrace (Nipissing).

‘The southern portioﬁ of the subsection is largely developed with houses and

shows little sign of major erosion.

The northern one-third of £he section contéins bluffs up to 60 feet high.
The slopes ére sparsely'végetated except at ends of the subsection where the
bluff grades into the terrace sufface.. The stratigraphy of‘the bluffs consist
of 5 to lvaeet of Two Rivers till over 30 to 40 feet of another till unit.
This till ove;lies 15 to 20 feet of sand. The lower oﬁe—half to one—~third of
the bluff is covered by debris from shalléw slides. No major slumps were -
observed. The'beach in this éubsection is 5 to 7 feet widé and consists of

sand.

T, 26 N. Sections 29, 28, 21, 16, 9, 4, 3
T. 27 'N. Sections 34, 27

‘Shbrelinés of these sections consist of broad sand beaches developed on
the 605 foot Nipissiﬁg térrécé surface, The terraée sﬁrface is flat and is 0.1
to 0.4 miles wide. Bedrdck inter#ects the beach and terrace af several locations
along the shoreline (marked with X on section maps). This is reflected in
concentrations of dolomite boulders anﬂ slabs on the beach and offshore, The

terrace surface is approximately 60 percent wooded along its length and contains

~ an average of about 5 houses per mile. (An exce?tion is T.‘27 N., Sec. 27

which contains over 30 houses aiong the shore). No shore protection structures

are present and erosion is not a major problem.
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Safety Factor
Confidence Limit
Stability Line
Bluff Condition

SF=ll

SAFETY FACTOR

. X - A-less than 1.00
Co : . / : B-1.00 to 1.25
’ : C-greater than 1.25

»
—
s

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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Safety Faceor
Lonfidence Limit
Stability Linae
BIuff Condition

0

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C~greater than 1.25

CONFIDENCE- LEVFEL
A<boreholes
thigh coafidence)
B~near boreholes
stratigraphy visible
C-no seratigraphy
visible {low
confidence)

i

- .
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SAFETY FACTOR
A~less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-borcholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

Safety Factor
Confidence Limit
Stability Line
Bluff Condition
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SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-borclhioles
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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SAFETY FACTOR
A~less than 1.00
B~1.00 to 1.25
C~greater than 1.25

CONFIDENCE LEVEL
S bl LEVEL

A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
‘C-nolstratigraphy
visible (low
confidence)

Confidence Limic

Stability Line
Bluff Condition
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SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-boreclioles
{high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

Safety Factor

Confidence Limit

Stability Line

Bluff Condition
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SAFETY FACTOR
A-less than 1,00
B~-1.00 to 1.25

. oo ,
'1-21 {:Q AT C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
{high confidence)
B-near borcholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

Safety Factor
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A-less than 1.00
- B-1.00 to 1.25
TN R C-greater than 1.25
CONFLDENCE LEVEL
A-boreholes
(high confldence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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